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Identifying the factors that determine species' distributions can inform predictions of how ranges will respond to global change (Karron, 1987; Maki, 2003; Lavergne et al., 2005; Jiménez-Valverde et al., 2011) . Key factors that are associated with plant range size include abiotic limitations, biotic interactions, and intrinsic species characteristics (e.g., mating system [Lowry and Lester, 2006; Johnson et al., 2014; Grossenbacher et al., 2015] , genetic diversity [Karron, 1987; Pound et al., 2004] , and functional traits [Walker et al., 1999; Díaz and Cabido, 2001] ). Polyploidization, or whole genome duplication, can influence a variety of these factors that contribute to variation in geographic distributions. Polyploids are generated by whole genome duplication with or without hybridization (Stebbins, 1942) . All flowering plants have a deep polyploid ancestry, and recent polyploids occur in at least 20% of angiosperm genera (Otto and Whitton, 2000) . Given the importance of both ancient and recent polyploidization to the diversification of flowering plants (Husband, 2000; Buggs and Pannell, 2007; Burnier et al., 2009; Odee et al., 2015) , studies have focused on understanding the role of ploidy in influencing characteristics of plant distributions (Petit and Thompson, 1999; Lowry and Lester, 2006; Hijmans et al., 2007; te Beest et al., 2012; Hahn and Müller-Schärer, 2013; Johnson et al., 2014) .
Polyploidization has been predicted to contribute to larger range breadth for multiple reasons. First, polyploidization increases genetic variation (Soltis and Soltis, 2000; Parisod et al., 2010) , which may increase the diversity of habitats occupied by polyploids (Leitch and Leitch, 2008) . Polyploids may also have greater phenotypic plasticity than diploids (Adams and Wendel 2005; Leitch and Leitch, 2008; Hahn et al., 2012 ; however see Petit et al., 1996) , which in turn could facilitate range expansion into novel environments (Price et al., 2003) compared to diploid relatives. Second, polyploids can have a higher frequency of self-fertilization than diploids (Masuyama and Watano, 1990; Barringer, 2007 ; but see Mable, 2004) , and selfing has been identified as a key factor facilitating range expansion (Baker, 1955; Stebbins, 1957; Randle et al., 2009) . Similarly, polyploidization can be associated with apomixis (Mogie, 1988; Carman, 1997; Hörandl, 2006) , which may similarly enhance colonization ability (Price and Jain 1981; Bierzychudek, 1985) .
On the other hand, some lines of evidence suggest that polyploids could occupy smaller ranges than diploids. For instance, species with higher ploidy often occupy more extreme environments, i.e., xeric or cold ones (Sax, 1937; Levin, 1983; Ramsey and Schemske, 1998; Hijmans et al., 2007; Hummer, 2012) , and if polyploids only outcompete diploids under such extreme conditions, then they may persist only as niche specialists with smaller ranges than their more generalist diploid relatives. Effects of large genome size on traits associated with dispersal could also contribute to a negative relationship between polyploidy and range size. Larger genome size is associated with larger seed mass (Beaulieu et al., 2007) and larger seed mass can limit colonization ability (Coomes and Grubb, 2003) . While a number of predictions have been made as to how polyploidization can influence range size, broad scale studies of large clades will help to discern whether polyploidy contributes to range size and niche breadth variation in a consistent manner.
Empirical support for the hypothesis that polyploids have larger geographic ranges than diploids is mixed. Two studies show that polyploid species are more likely to be invaders than diploids, suggesting an increased capability for dispersal and establishment for polyploids (Pandit et al., 2011; te Beest et al., 2012) . While one comparative study demonstrated larger geographic range size for polyploids compared to diploids in Clarkia (Lowry and Lester, 2006) , others have shown the opposite relationship (Hijmans et al., 2007) , or no association between ploidy and range breadth (Petit and Thompson, 1999; Martin and Husband, 2009; Johnson et al., 2014) . A possible explanation for the disagreement among studies is that grouping multiple levels of polyploids together (e.g., 4× and 6×) to compare with diploids could obscure important biological mechanisms contributing to range breadth variation. Studies that examine whether higher ploidy level is correlated with larger range breadth are uncommon (but see Hijmans et al., 2007) , yet there are multiple lines of evidence to support that quantitative variation in ploidy may be an important contributor to variability in range breadth. For example, hexaploid yarrow displayed increased seedling survivorship over tetraploids when introduced to dry dune environments (Ramsey, 2011) , and both biomass and yield of hexaploid wheat is higher than tetraploids, especially in droughtand heat-stressed environments (Guzy et al., 1989) . Both examples show that higher-order polyploids can possess traits more favorable to expansion and establishment than their lower-order polyploidy relatives.
In addition to ploidy level, other factors such as time since divergence from the nearest extant relative ("species age"), and phylogenetic relatedness (e.g., Lowry and Lester, 2006; Johnson et al., 2014) may influence range breadth and thus its relationship with ploidy. There are three competing hypotheses as to how species age may affect range size. First, range size may increase monotonically as species age, as dispersal limitations may limit range size of recently diverged species (Taylor and Gotelli, 1994; Miller, 1997; Paul et al., 2009; Johnson et al., 2014) . Alternatively, range size may increase rapidly post-speciation, but then decline as species age (Willis, 1922) due to range contraction via extirpation from areas previously occupied. Finally, range size may increase initially post-speciation, but change randomly over evolutionary time because of unpredictable ecological changes (Barraclough et al., 1998; Barraclough and Vogler, 2000) . A clearer view of the influence of ploidy on range breadth can be gained by controlling for time since divergence. Furthermore, because closely related taxa may have similar traits and ecological niches (Ricklefs and Latham, 1991; Peterson et al., 1999; Prinzig et al., 2001; Losos, 2008) , they may have similar range sizes (Blomberg et al., 2003) . Thus, accounting for phylogenetic autocorrelation can provide clearer tests of hypotheses concerning the effect of ploidy on range.
The species within Potentilleae (Rosaceae) are well suited to evaluate associations between ploidy and range size because they vary in ploidy from 2-13× (Töpel et al., 2011) and in geographic distribution from global/cosmopolitan to restricted/endemic. Here, we score ploidy, range breadth (range size, latitudinal range, and altitudinal range), and abiotic breadth (range in temperature, precipitation, and UV irradiance) for 109 species in the Potentilleae tribe. Using comparative techniques, we address how ploidy, phylogenetic relatedness, and time since divergence contribute to variation in range breadth. Specifically, we predict that transitions to higher ploidy will be associated with larger ranges and greater abiotic breadth, and that species that diverged more recently from their closest relatives will have reduced range and abiotic breadth.
MATERIALS AND METHODS

Study system
The Potentilleae tribe consists of 19-20 genera and an estimated > 500 species (Soják, 2008 ) with a largely temperate or arctic distribution, although some occur in the subtropics. The majority of species in the group have a base haploid chromosome number of seven (Delgado et al., 2000; Phipps, 1997; Morgan et al., 1994) . Gametophytic self-incompatibility is common in Rosaceae (Barrett, 1988) and known specifically in Potentilla species (Rousi, 1965; Innes and Lenz, 1990; Eriksen, 1996; Guillén et al., 2005) . However, in Potentilla, higher ploidies tend to reproduce apomictically (Barrett, 1988; Eriksen, 1996; Holm et al., 1997; Paule et al., 2011; Dobeš et al., 2013) . The current study uses species from seven genera in Potentilleae-Potentilla, Drymocallis, Duchesnea, Dasiphora, Ivesia, Horkelia, and Sibbaldia-all of which are reported to have a monoploid chromosome number of seven (Phipps, 1997) . We used species names according to Kurrto (2004) , Soják (2012), and The Plant List (2013) . Our analyses consisted of every member of Potentilleae for which we could gather phylogenetic, locality, and ploidy data, resulting in a total of 109 species.
Scoring ploidy
We used the Index to Plant Chromosome Numbers (IPCN; Goldblatt and Johnson, 1979) , the Chromosome Counts Database (CCDB; Rice et al., 2015) , and Töpel et al. (2011) to compile lists of chromosome counts for each species. The IPCN and CCDB compile primary literature that reports chromosome counts. We divided the reported sporophytic chromosome counts by the base number of chromosomes (n = 7; Phipps, 1997) to obtain the ploidy level(s) for each species. For 35% of the species, a single ploidy level was reported. For the remaining species, however, multiple cytotypes were recorded. For these, we scored ploidy as the most frequently reported ploidy level. For species with an equal number of studies reporting two or more ploidy levels (n = 11), we defaulted to the smaller ploidy. Using the higher ploidy level for species with ties, however, produced similar overall results (see Appendix S1 in Supplemental Data with this article). For two species (Drymocallis convallaria (Rydb.) Ryd and Potentilla drummondii Lehm.), the most common ploidy level reported was not a multiple of seven (i.e., either a dysploid [fusion or fission of chromosomes], or an aneuploid [addition or deletion of chromosomes]). Analyses with and without these dysploids/aneuploids included yielded similar results (data not shown), so we retained them in all analyses. The number of reports for ploidy number ranged from 1-54 among the focal species (mean = 7.5). While collecting our own ploidy data for each species would be ideal, similar comparative studies often use floras and primary literature to gather data on ploidy (e.g., Martin and Husband, 2009; Mayrose et al., 2011) . We recognize, however, that this approach may be limited by species misidentification. Additionally, our definition of a species is based on taxonomically recognized morphospecies. Thus, there is the potential for multiple ploidy levels with the same species name to be reproductively isolated from one another, and/or occupy unique ranges.
Estimating range breadth
We extracted latitude and longitude coordinates for each species from the Global Biodiversity Information Facility (GBIF; http://www.gbif.org) using the 'dismo' (Hijmans et al., 2016) , 'XML' (Temple Lang and The CRAN Team, 2016), and 'maptools' (Bivand and Lewin-Koh, 2016 ) packages in R. All coordinates were georeferenced with precision of at least one decimal degree. For species with less than 10 occurrences, we queried additional databases, including the Southwest Environmental Network (SEINet; http://swbiodiversity.org/seinet), the Consortium of California Herbaria (CCH; http://ucjeps.berkeley.edu/consortium), the Consortium of Pacific Northwest Herbaria (CPNWH; http://www.pnwherbaria.org), and the Royal Botanical Garden of Edinburgh (RBGE; http://www.rbge.org.uk), for additional observations to improve our estimate of range breadth. We identified potential outliers from the known distribution based on accepted species descriptions (e.g., USDA Plants Database [http://plants.usda. gov], Flora of China [http://www.efloras.org/ flora_page.aspx?flora_id=2]). If a point was not in the described range, it was presumed to be erroneous and was excluded. We calculated the latitudinal (decimal degrees) and altitudinal (meters) ranges for each species by subtracting the minimum value from the maximum value across all occurrences.
To estimate range size, we used the alpha hull method to create polygons for each species (see Fig. 1 ). Alpha hull polygons are created by first calculating a Delauney triangulation, which draws lines from one point to every other point, so that the lines do not intersect one another (for details see O' Rourke, 1998; Burgman and Fox, 2003) . It then removes lines longer than the average line length multiplied by the alpha (α) value chosen by the user, which can range from 0 to infinity (Burgman and Fox, 2003) . This method assumes that the locality data represent either a random or uniform sample across the true range of the species. Thus, points will be closer together for species with more densely populated distributions, driving the average line length down for these species. We chose the alpha hull method over other estimation techniques (see Grossenbacher et al., 2015 and Randle et al., 2009 ) for two reasons. First, it takes into account the density of points, without being over-sensitive to high-density areas (see convex hull estimation, Burgman and Fox, 2003) . Thus, it effectively protects against a single point being too influential in estimating range size. Second, it includes areas between points that are likely to be a part of the true range, thus providing a more accurate estimation in species with few locality points available. The chosen ∝ greatly affects the extent of the polygon created (Burgman and Fox, 2003) . We devised a standard set of rules for choosing ∝ for each species. To ensure conservative estimates of range size and reduce influence of a single occurrence, we used ∝ values of less than 50. If all points were deemed plausible (i.e., within the described range), we chose the smallest ∝ that included all points, unless the inclusion of a small percentage of the total points (less than 5%) led to (a) the inclusion of a large body of water relative to the total range size, or (b) a substantial increase in the area (at least 20%). If the chosen ∝ using the rules described above did not create multiple polygons for species that spanned both Eastern and Western hemispheres, or if choosing ∝ using the above rules led to the deletion of all points in a given hemisphere, we split the data and generated polygons separately for each hemisphere. We applied the same rules as above to each separate polygon, and calculated range size as the sum of the area of the two polygons.
We calculated range area (in square kilometers) of polygons for each species in DIVA GIS. We tested the affects of various projections on range size, but there was no difference between the Lambert Equal Area, Lambert Conic Conformal, and the default (WGS84, Web Mercator), so we did not project the polygons.
Because at least three points are required to estimate range area, species with less than three coordinates could not be included in the analysis (n = 1). There were 110 total species with ploidy and phylogenetic data, and 109 species with ploidy, phylogenetic, range breadth, and abiotic breadth data.
Estimating abiotic breadth
To measure the breadth in abiotic conditions experienced across the range of each species, we scored mean temperature, precipitation, and UV irradiance of the warmest quarter (growing season) for each collection locality for each species. We then subtracted the minimum from the maximum across all occurrences for each species to obtain range in temperature (in degrees Celsius, °C), precipitation (in millimeters, mm), and UV irradiance (in Joules per meters squared per day, J/m 2 /day). Temperature and precipitation data were gathered from Worldclim (bio10, bio18; Hijmans et al., 2005) , and UV irradiance (UV5) was obtained from the giUV database (Beckmann et al., 2014) .
Phylogeny and species age estimation
We used the Bayesian phylogeny inferred by Koski and Ashman (2016) based on two nuclear (ITS, ETS) and one chloroplast (trnL-F) marker, which includes 183 species from Potentilleae. The phylogeny was dated based on two nodal calibrations (Argentina and Drymocallis) from estimates by Dobeš and Paule (2010) . We scored time of divergence from the closest extant relative (hereafter, "age") for each species from this tree. The maximum clade credibility (MCC) tree and a sample of 200 trees from the posterior distribution were trimmed to the 109 species from which we could obtain data on ploidy and range breadth parameters. The pruned MCC tree used for comparative analyses is provided in Appendix S2.
Measuring phylogenetic signal
We used the "phylosignal" function in the R package 'picante' (Kembel et al., 2015) to calculate Blomberg's K (Blomberg et al., 2003) for range breadth, abiotic breadth, and ploidy, to determine how each was affected by phylogenetic relatedness. Blomberg's K ranges from 0 to infinity, with an expected value of 1 under Brownian motion (Revell et al., 2008) . A K statistic of greater than 1 indicates a strong phylogenetic signal, while a K statistic between 0 and 1 indicates weaker phylogenetic signal (Blomberg et al., 2003; Revell et al., 2008) . To account for phylogenetic uncertainty, we calculated Blomberg's K over 200 randomly selected trees from the posterior distribution (see Koski and Ashman, 2016) , and the K statistic and p-values for each variable are the average over those trees (see Pagel and Lutzoni, 2002; Matthews et al., 2011 for similar approaches).
Statistical analyses
To examine the relationship of ploidy with range breadth (range area, latitudinal range, and altitudinal range) and abiotic breadth (range in temperature, precipitation, and UV irradiance), we conducted multiple phylogenetic least squares regressions (PGLS) using the 'phylolm' package in R (Ho et al., 2016) . We modeled range area, latitudinal range, and altitudinal range separately as a function of ploidy, with the age of the species as a covariate. To examine the association between abiotic breadth and ploidy, we modeled range in temperature, range in precipitation, and range in UV irradiance separately as functions of ploidy and species age. We used a Brownian motion model of trait evolution (Butler and King, 2004) and repeated the models over 200 trees from the posterior distribution. We used a natural log transformation on all variables prior to PGLS analysis because the resulting residual heteroscedasticity was greatly reduced compared to models using untransformed data. Because of the difference in scale between predictor variables, we standardized each to have a phylogenetic mean of 0 and standard deviation of 1 using the "phyl.vcv" function in phytools (Revell, 2012) such that their effect on range breadth was comparable in a multiple regression. Finally, to visualize the relationships between range breath parameters and ploidy, we generated phylogenetic independent contrast plots using the 'ape' package in R.
RESULTS
Ploidy
Ploidy varied substantially across species from diploid (2×) to dodecaploid (12×). Of the 110 species, 33 were diploid (30%), 42 were tetraploid (38%), 16 were hexaploid (14.5%), 7 were octoploid (6.3%), 6 were decaploid (5.5%), and 3 were dodecaploid (2.7%) (Fig. 2, Appendix S3 ).
Range and abiotic breadth
The number of locality data points for each species ranged from 3 to over 89,000 (mean = 2937). Latitudinal range varied from 0.29 to 67 degrees (Fig. 2, Appendix S3 , mean ± SD: 21.4 ± 15.5 degrees), while altitudinal range spanned from 138 to 5928 m (mean ± SD: 2740.5 ± 1303.2 m). There was a great deal of variation in estimated range size among species, from 93 km 2 to 35 million km 2 (mean ± SD: 2.8 ± 5.5 million km 2 ; Fig 1, Fig 2) . All range breadth parameters were significantly positively correlated with one another (0.35 < r < 0.74; all P < 0.0001).
The range in temperature varied from 1.7-29.2 ° C (Fig. 2 , mean ± SD: 14.9 ± 7.0 ° C), while the range in precipitation spanned from 6-2016 mm (488.0 ± 455.1 mm). Range in UV irradiance varied from 287 to 23,326 J/m 2 /day (9912.9 ± 6181.8 J/m 2 /day; Fig 2) . All abiotic breadth parameters were significantly positively correlated with one another (0.61 < r < 0.62; all P < 0.0001). Each was also correlated with range size (0.52 < r < 0.56; all P < 0.0001), latitudinal range (0.50 < r < 0.72; all P < 0.0001), and altitudinal range (0.58 < r < 0.80; all P < 0.0001). See Appendix S4 for correlations between all range and abiotic breadth parameters.
Phylogenetic signal
There was a marginal effect of phylogenetic relatedness on latitudinal range (K = 0.129, P = 0.09) whereas range size (K = 0.184, P = 0.16) and range in UV (K = 0.138, P = 0.13) displayed higher but nonsignificant phylogenetic signal. Species age showed significant phylogenetic signal (K = 0.614, P = 0.03), as did range in precipitation (K = 0.301, P < 0.01). Neither altitudinal range, range in temperature, nor ploidy displayed significant phylogenetic signal ( Fig. 3 ; Table 1 , all P > 0.20). We repeated calculation of phylogenetic signal in ploidy using the largest ploidy level for species with 'ties' , and obtained similar results (K = 0.122, P = 0.21; data not shown)
Do species with higher ploidy level have greater range breadth?
Species with more reports of higher-order polyploids were associated with smaller range areas (b = -0.302, P = 0.002, Table 2 , Figs. 3, 4) , latitudinal ranges (b = -0.296, P = 0.002, Table 2 , Fig. 4) , and altitudinal ranges (b = -0.273, P = 0.004, Table 2 , Fig. 4 ). Range in temperature (b = -0.387, P < 0.0001) and UV (b = -0.262, P = 0.007) also displayed significantly negative relationships with reported ploidy. All negative relationships remained significant after Bonferroni correction for multiple tests. The range in precipitation, which showed the strongest phylogenetic signal of all parameters measured, was not predicted by ploidy (b = -0.074, P = 0.454, Table 2 ). Species age did not influence range or abiotic breadth (Table 2) . We repeated all analyses using the largest ploidy level reported for each species and obtained similar results (see Appendix S1).
DISCUSSION
Our phylogenetically informed analyses support that Potentilleae species with higher ploidy are associated with reduced latitudinal and altitudinal ranges, as well as smaller overall range area. Because these range breadth parameters are positively correlated with the range of abiotic conditions, species of higher ploidy also experience reduced variation in temperature and UV irradiance across their ranges. Although polyploids have been found to occupy larger ranges than diploids in Clarkia (Lowry and Lester, 2006) , a number of studies find no association between range breadth and ploidy (Petit and Thompson, 1999; Martin and Husband, 2009; Johnson et al., 2014) . Our study joins these in failing to support the predicted positive association between ploidy and range breadth, and in fact consistently supports the opposite pattern. The negative relationship between ploidy and range breadth found in Potentilleae could reflect the impact of polyploidization on ecological tolerances and/ or traits that influence geographic distributions. 
Number of Species
First, species of higher ploidy may be niche specialists, and thus occupy more restricted ranges than species of lower ploidy. Our results lend support to this idea because transitions to higher ploidy were directly associated with reduced ranges in temperature and UV across species' distributions. Polyploids are predicted to be more cold-or drought tolerant owing to larger cell size . Higher ploidies may thus be more competitive than diploids in extreme or competitive environments (Levin, 1983; Maceira et al., 1993; Sugiyama, 1998; Xiong et al., 2006) but not necessarily so in more moderate environments. For example, Ramsey (2011) showed that hexaploids outperform tetraploids in harsh dune environments, and that this was a direct consequence of polyploidization. Contrasting evidence exists however. Although not directly measuring competitive ability or range breadth, Sabara et al. (2013) showed that the diploid Chamerion angustifolium occupy higher latitudes and altitudes (i.e., more extreme environments) than tetraploid populations.
The effect of ploidy on local extinction rates and adventiveness could also explain the negative relationship between range size and ploidy. First, higher-order polyploids could have elevated local FIGURE 3. The maximum clade credibility phylogeny of 109 Potentilleae species generated using two nuclear (ITS, ETS) and one chloroplast (trnL-F) region (pruned from Koski and Ashman, 2016) . The ploidy for each species (2-16×; inner circle) and the range size in 20% quantiles (outer circle) is represented at the tips. extinction rates (extirpation rates) relative to lower ploidies. While a broad macroevolutionary study supports that polyploid lineages have higher extinction rates than diploid lineages (Mayrose et al., 2011) , little is known about population-level extinction (i.e., local extirpation) of diploids versus polyploids. Furthermore, higherorder polyploids tend to have larger genome sizes, which has been suggested to reduce adaptive ability (Bennett, 1987; Bennett et al., 1998; Pandit et al., 2014) , potentially limiting establishment in novel environments. Species with smaller genome sizes tend to have faster growth rates early in development (Mowforth and Grime, 1989; Gregory, 2001; Francis et al., 2008) , possibly increasing the likelihood of invasiveness or expansion (Bennett et al., 1998) . Additionally, genome size may be correlated with traits that affect colonization ability. For example, evolutionary transitions to larger genome size is associated with a transition to larger seed mass (Beaulieu et al., 2007) , and species with larger seeds are often poorer colonizers than those with small seeds (Westoby et al., 1996; Coomes and Grubb, 2003) . The driver of the pattern of higher-order ploidies occupying smaller range breadth in Potentilleae remains unclear, but competition experiments under varied environmental regimes, analysis of long-term demographic data in populations with varying ploidy, and evaluation of dispersal-related traits could help to provide a mechanistic explanation. Another explanation of the negative relationship between ploidy and range size could be that species with higher-order polyploidy may have speciated more recently, having less time to expand their range (Paul et al., 2009 ). However, two lines of evidence from our data do not support this conclusion. First, species that diverged more recently do not have smaller ranges (no "age" effects in PGLS, Table 2 ). Second, ploidy and divergence time are not phylogenetically correlated (ploidy-age PIC correlation, r = -0.06, P = 0.56). There are three primary explanations for the lack of relationship between age and range breadth. First, there may not be a consistent age-range size relationship across species due to differences in life histories. For example, Potentilla species can be annual, biennial, or perennial, and species with shorter generation times may be better colonizers. Second, range breadth may not increase monotonically with age. For example, range expansion has been shown to slow or cease over time (e.g., Johnson et al., 2014) , or range size may increase initially, but then change unpredictably because of various ecological changes after the initial period of expansion (Barraclough et al., 1998; Barraclough and Volger, 2000) . Because the most recently diverged species in our study was estimated to be over 100,000 years old, the initial period of range expansion may have already occurred for the species under consideration. If range breadth is already changing unpredictably, this could result in a nonsignificant linear effect of age on range breadth. Many have proposed nonlinear relationships between age and range breadth (Willis, 1922; Barraclough et al., 1998; Johnson et al., 2014) . However, evaluation of raw data and phylogenetic independent contrasts show no relationship, linear or otherwise, between range breadth and age across species in Potentilleae. This suggests that the relationship between ploidy and range breadth is thus not due to correlation of either factor with time since species divergence.
Some caveats should be addressed with regard to the scoring of ploidy and the measurement of range breadth for Potentilleae species. First, many species had reports of multiple ploidies, which is not uncommon in angiosperms (Hijmans et al., 2007; Burnier et al., 2009 ). However, if separate ploidies within these polyploid complexes occupy unique ranges, our analyses do not account for this because the study was conducted at the species level. Additionally, if different ploidy levels within the same species name are reproductively isolated, then they may effectively be separate species, which this study cannot account for given the nature of the data collection. However, while reproductive isolation is common between diploids and polyploids, it is much reduced between lower and higher-order polyploids (Sutherland and Galloway, 2017 and references therein), suggesting that wholegenome duplication does not always result in speciation. Finally, all records in online databases are not verified for correct species identification. This, however, is true for any study that uses online databases to generate data on range variables. While caveats exist for our study, the overall pattern of reduced range breadth for higher polyploids is robust-scoring ploidy in various ways (e.g., highest reported ploidy, lowest reported ploidy, and most frequently reported ploidy) yields the same result. That said, understanding the degree of reproductive isolation between different ploidy levels with the same taxonomic name, and whether they occupy unique ranges would aid in contextualizing the results of this comparative study. FIGURE 4 . The relationship between ploidy and range breadth (range size, latitudinal range, and altitudinal range) and abiotic breadth (temperature, precipitation, and UV irradiance) parameters for 109 Potentilleae species. The x-axes are the average phylogenetic independent contrasts (PICs) of ploidy, and y-axes are PICs for range and abiotic breadth parameters. The PICs were calculated using the maximum clade credibility phylogeny, and all parameters were log transformed. Lines represent best fits from linear regression with standard error. Relationships that were significant using phylogenetic least squares regressions are denoted with a red asterisk. See Table 2 for statistics from PGLS analyses. 
CONCLUSIONS
In the Potentilleae tribe, transitions to higher ploidy are associated with reduced range and ecological breadth, calling into question predictions that species with higher ploidy should have larger ranges. A number of similar comparative studies test for differences in range breadth between the broad categories of polyploids versus diploids (Petit and Thompson, 1999; Lester and Lowry, 2006; Martin and Husband, 2009; Johnson et al., 2014) with mixed results. However, evaluating the association between quantitative variation in ploidy and range breadth may reveal more nuanced patterns, as is shown in Potentilleae. This underscores that ignoring the quantitative element of polyploidy may limit the explanatory power of ploidy for variation in range breadth.
